Breeding ewes in drylot were fed pelleted complete diets with 3% cottonseed meal (CSM) or 7% dried, gamma-irradiated sewage solids (DGSS) for 4 yr. Cytochrome P-450 (P-450) content and enzyme activities for xenobiotics biotransformations were assayed in livers after 2 yr and in livers, kidneys and ileal tissue after 4 yr. Dietary DGSS caused no increase in P-450 and few changes in activities of oxidative, hydrolative and eonjugative biotransformational enzymes. Consumption of DGSS for 4 yr caused slight enlargement of spleens (1
may pose formidable risk to health and to safety of human food (Edds et al., 1980; Roberts, 1980) , despite scanty evidence of risk to animals or meat quality from the direct feeding of some industrially contaminated sludges (Kienholz et al., 1979; Beaudouin et al., 1980; Johnson et al., 1981) . Risks from diseasecausing organisms can be reduced by various means including gamma-irradiation (Sandia, 1980) . Dried solids from primary (raw) sewage contain considerably more digestible energy and nitrogen than digested sludges from typical sewage treatments. Extensive studies with ruminants fed dried, gamma-irradiated solids from nonindustrial, municipal sewage showed important nutritive benefits and seemingly small risk of toxicants (Smith et al., 1977a (Smith et al., ,b, 1979 HaUford et al., 1982; Hallford, 1983, 1984; Sanson et al., 1984a,b) . This study assessed cytochrome P450 levels (P-450), activities of enzymes for xenobiotics biotransformations, tissue levels of heavy metals and other elements, Iiver vitamin A, refractory lipophilic residues in adipose tissue and histopathology of breeding ewes fed dried, 931 JOURNAL OF ANIMAL SCIENCE, Vol. 61, No. 4, 1985 gamma-irradiated sewage solids (DGSS) as 7% of diet throughout 4 yr.
Materials and Methods
Sludge Processing. Sewage sludge, comprised mainly of primary (raw) settled solids with variable amounts of secondary (undigested) sludge from waste water aeration, was collected at Las Cruces, New Mexico (a nonindustrial municipality; population 50,000) and processed as described by Hallford et al. (1982) , including the gamma-irradiation of dried solids at dosage of 1 Mrad, which largely eliminates viable organisms (Sandia, 1980) . Diets. Diets were formulated from conventional feedstuffs to provide nutritive requirements of breeding ewes in drylot. Diets were fortified with isonitrogenous amounts of either cottonseed meal (CSM, 3%) or DGSS (7%). Ingredients used and composition of diets axe shown in table 1. Shown in table 2 is the composition of DGSS. The diets were pelleted and bagged at a commercial feed mill, and fed as total feed in drytot.
Animals. Mature, fine-wool ewes of predominantly RambouiUet breeding were purchased in western Texas and confined in drylot at the New Mexico State University campus in Las Cruces. They were randomly aUotted, 25 or 30/group, to dietary treatments and group-fed their respective diets at approximately equal intakes through 4 yr. Except for diets, they were treated similarly and managed as a single herd. Reproductive performance, feeding performance of offspring, blood estradiol-1713 and progesterone levels, serum clinical profiles and element composition Of blood, milk and tissues were measured and reported elsewhere (HaUford et al., 1982; HaUford, 1983, 1984; HaUford and Hudgens, 1984; Sanson et al., 1984a,b) . After 2 yr, three ewes from each group were selected at random, transported to the University of Kansas Medical Center, and maintained on their respective diets for 10 d until they were slaughtered for study of hepatic P-450 and biotransformational enzymes. After 4 yr, six ewes from each diet treatment were selected at random, slaughtered ~t the New Mexico State University abbatoir and studied for organ size, element concentrations in livers, kidneys and spleens, refractory organic residues in adipose tissue, P-450 content and phase I and phase II biotransformational enzyme activities in liver, kidney and ileal tissue, and histopathology. CDried, gamma-irradiated sewage solids. Elemental composition of both diets was reported by Sanson et al. (1984a) . Chemical Analyses; Representative samples of DGSS and diets were analyzed for moisture, ash, Kjeldahl-N (Gunning catalyst), ether extract, acid detergent fiber and acid insoluble ash (AOAC, 1980) . Gross energy of diets and DGSS was determined by oxygen bomb calorimetry. Samples of abdominal adipose tissue (kidney fat) were frozen in liquid N, placed in chemically clean glass containers and shipped frozen to the Colorado EpidemiologicalPesticide Studies Center at Colorado State University for gas-chromatographic determinations of 22 refractory organic residues, using certified methodology (EPA, 1974) . At slaughter, samples of liver, kidney and spleen tissue were frozen in liquid N~ and stored frozen in plastic containers. At time of analysis, they were thawed quickly, homogenized in a Waring blender, subsampled into glass tubes and wet-ashed with nitric acid and perchloric acid (AOAC, 1980) . Perchloric acid digests were subsampled and analyzed by atomic absorptionflame emission spectrophotometry for Ag, Ca, Cd, Cr, Cu, Fe, Hg, K, Mg, Mn, Pb and Zn, using internal standards prepared for each element to determine interference and recovery. Phosphorus in perchloric acid digests of DGSS, diets and tissues was determined by spectrophotometry after reaction with molybdovanadate reagent (AOAC, 1980) . Selenium in perchloric acid digests was measured fluorimetrically using diaminonaphthalene reagent (AOAC, 1980) . Samples of liver were extracted as described by Hinds et al. (1968) , and vitamin A in extracts was determined spectrophotometrically using Cart-Price reagent (AOAC, 1980) . P-450 and Enzyme Assays. Freshly collected specimens of livers, kidneys and ileal tissue were sampled, homogenized, centrifuged for separation of microsomal and cytosolic fractions and processed as described by . Protein content of homogenates and microsomal and cytosolic fractions was measured colorimetrically (Lowry et al., 1951) . Cytochrome P-450 was determined spectrophotometrically (Omura and Sato, 1964) . Assays for activities of enzymes in oxidative, hydrolative and conjugative biotransformations of xenobiotic substrates were conducted using procedures cited by Gregus et al. (1983) and . These assays were validated for eight species of animals commonly used in toxicity testing (Gregus et al., 1983) and for cattle, sheep and swine . For sheep studied after consumption of diets for 2 yr, both fresh and instantly frozen tissues were studied, but for sheep studied after 4 yr frozen specimens were used for all assays except acetyl transrefuse, which required fresh tissue. Enzymes assayed were: benzo(r~)pyrene hydroxylase, styrene oxide hydrolase, ethylmorphine and benzphetamine N-demethylases, ethoxyresorufin 0-deethylase, acetyhransferases (three substrates), sulfotransferases (three substrates), glutathione S-transferases (five substrates) and UDP-glucuronosyltransferases (UDP-GT; 11 substrates).
Item
Histopatbology. Specimens of heart, liver, kidney, spleen, thymus, thyroid, adrenal, ovaries, rumen wall, duodenum and ileum were collected from each of six sheep from each diet treatment, at slaughter after consumption of diets for 4 yr. Tissues were preserved in neutral buffered formalin and shipped to the Veterinary Diagnostic Laboratory, New Mexico Dept. of Agriculture (Albuquerque), where they were processed and examined histologically by board-certified veterinary pathologists. (Snedecor and Cochran, 1967) was applied to all enzyme data and heterogeneity was indicated wherever noted.
Results and Discussion
Carcass weight, relative size of organs and liver vitamin A levels in ewes after 4 yr consumption of diets with CSM or DGSS are shown in table 3. OF.
[-,
Relative size of organs, especially livers, has been regarded as an index of chronic toxicosis, although caution must be used in interpreting such data. Spleens and ovaries tended to be heavier (P<.10), 1.1-and 1.3-fold, respectively, in ewes fed DGSS, but differences in sizes of other organs wcre negligible (P>.10). Vitamin A levels were 170 lag/g in ewes fed CSM and 136 lag/g in those fed DGSS (P>.10). Feeding sewage sludge with high levels of industrial contaminants diminished vitamin A in blood and livers of cattle and chickens (Kienholz, 1980) . Likewise, DGSS diminished liver vitamin A when fed in excessive amounts or without supplemental vitamin A to sheep (Robles-Porras, 1983 ) and rats (Smith et al., 1985) . Excessive dietary Cd depletes hepatic vitamin A (Sugawara and Sugawara, 1978) , as does excessive Fe (Staab et al., 1983 Sanson et al., 1984a,b) that similarly prepared DGSS caused no hazardous accumulation of toxic elements when fed to cattle and sheep at practical levels providing nutritive benefits.
Refractory organic residue levels in abdominal adipose tissue of ewes fed diets with CSM or DGSS throughout 4 yr are shown in table 5. Of 22 residues determined, at detection levels far below those considered hazardous, only eight were detectible, only three were measurable and only two (oxychlordane and t-nonachlor) were increased by DGSS. None was outside the normal ranges reported for bValues are means -+ SE. livestock fed conventional diets (Kienholz, 1980) . Similar results were reported for cattle fed DGSS as 20% of diet for 68 d (Smith et al., 1979) . These findings show that none of the residues that were checked posed increased risk to animals or the quality of meat products as a result of dietary DGSS fed at levels deemed practical. If other organic toxicants were present at levels sufficient to pose risk to the .... 6 involve only three sheep/treatment group, the results represent the most extensive survey of biotransformational enzymes yet reported for livestock that were fed sewage products. The importance of the changes noted is not known at present, but they show induction of activity in one (UDP-GT toward morphine) or possibly two (ethoxyresorufin 0-deethylase) cases. Because Thompson et al. (1982) showed that the latter of these can be induced more than 100-fold in rats, the twofold increase (P<.10) observed herein may indicate weak induction, if real. The 2.7-fold increase in UDP-GT activity toward morphine represents a notable induction, but the importance is tempered by the fact that dietary DGSS caused no change in UDP-GT activities toward 10 other xenobiotic substrates tested. Thus the 4 Report of histopathological examination of sheep organs and tissues by J. P. Thilstead, D.V.M., Ph.D., Certified Veterinary Pathologist (Veterinary Diagnosffc Service, New Mexico Dept. of Agriculture, Albuquerque, NM 87106). changes seen in enzyme activities after consumption of DGSS for 2 yr seem to reflect only a minimal effect at best.
Protein content of tissue fractions, microsomal P-450 and activities of biotransformational enzymes in livers, kidneys and ileal tissues of ewes fed diets with DSM or DGSS throughout 4 yr. are presented in table 7. Dietary DGSS depressed hepatic P-450 (P<.05) and N-demethylase activity toward ethylmorphine (P<.05) and benzphetamine (P<.10). Dietary DGSS increased glutathionyl-S-transferase activity in ileal tissue 1.3-fold (P<.01) toward ethacrynic acid, and slightly depressed UDP-GT activity in kidneys toward 1-naphthol (P<.10). These changes, together with no changes in other enzyme activities measured, indicate only minor effects of dietary DGSS on tissue capacities for xenotiobic biotransformations. The directions and magnitudes of changes seen are consistent with changes that may result from dietary substitutions involving conventional feeds (Jacoby et al., 1982) .
The results from histopathological examination of six ewes fed a diet with CSM and six ewes fed a diet with DGSS throughout 4 yr are summarized in table 8. There was splenic hemosiderosis in three ewes fed DGSS and single incidences of focal hepatic scarring, focal nephritis and ultimobronchial cyst in the thyroid. But the histopatholgy assessment 4 concluded: "No lesions indicative of toxicity were found..."
Discussion
Mature fine-wool ewes fed DGSS as 7% of diet throughout 4 yr exhibited no overt abnormalities and no evidence of toxicosis other than mild splenic hemosiderosis, splenic accumulation of Fe and slight hepatic accumuhtion of Fe and Cu. Results reported herein confirm earlier reports from this same longterm study (Hal/ford et al., 1982; Benamer and Hallford, 1983; Hal/ford, 1983, 1984; Sanson et al., 1984a,b) and support the conclusion that long-term feeding of DGSS as 7% of diet caused no abnormality and only slight or negligible indication of any toxicosis.
A similar sewage product was fed to cattle in feedlot at a much higher level for 68 d without any detrimental effect on conventional characteristics of meat quality or content of mineral elements and refractory organic residues (Ray et al., 1982) . Ground beef from steers fed sewage solids as 14% of diet for 97 d was fed to rats in a three-generation study of growth, reproduction, organ size and histopathology (Davila, I981) with no indication of toxicant(s) in the beef.
Practical usage of sewage products in livestock feed is prohibited in the U.S.A. and most other countries. Even research regarding such usage is constrained by cultural stigma, regulations based on perceived risk of pathogenic organisms and toxicants, and local lack of economic incentives. These constraints are unlikely to diminish where conventional feeds are abundant or where technology is insufficient to assure safety of feed products derived from sewage. But crop failure, famine, economic upheaval or human population pressure may provide incentive to develop feed products from sewage in order to sustain breeding herds, even if consumption by animals going directly to slaughter were to be precluded (Smith, 1983) . This study strengthens the view that primary solids from domestic sewage can be harvested, sterilized and fed to ruminants with substantial nutritive benefits and relatively low risk of toxicant transmission into the food chain, even when continued long-term. Effects of sewage sludge diets fed to swine on nutrient digestibility, reproduction, growth and
